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Abstract
Recent developments on environmental problems for the earth by the earth sim-
ulator are reviewed for the general circulation of the atmosphere and ocean briefly.
The model equations related with numerical calculation schemes are introduced. Since
it became possible to deal with phenomena of the order of lkm mesh in horizontal




$\frac{\partial\rho}{\partial t}+\vec{\nabla}\cdot(\rho\vec{u})$ $=$ $0$ (1)
$\frac{\partial\rho\vec{u}}{\partial t}+\vec{\nabla}\cdot(\rho\vec{u}\vec{u})$ $=$ $-\vec{\nabla}p-2\rho\tilde{\Omega}\cross u\neg-\vec{\Omega}\cross(\vec{\Omega}\cross rarrow)-\rho g\overline{k}+\vec{F}$ (2)
$\frac{\partial p}{\partial t}+\vec{\nabla}\cdot(p\vec{u})$ $=$ $-(\gamma-1)p\tilde{\nabla}\cdot\vec{u}+(\gamma-1)q_{heat}$ (3)
$\vec{F}$
$=$ $F_{x}i+arrow F_{y}\vec{j}+F_{z}\vec{k}\equiv\eta\Delta\vec{u}$ (4)
$\gamma\equiv\neq_{v}^{C}$ $i\vec{j},\vec{k}arrow$,
$r=\neg$ xi $+$ yj $+$ zk $\vec{u}=u\vec{i}+v\vec{j}+w\vec{k}$ $\rho$
$p$ $\eta$
$\vec{\Omega}$
$g$ $(\lambda, \phi, r)$
$(dx=r\cos\phi d\lambda, dy=rd\phi, dz=dr, r=a+z),$ $a$ $\vec{C}=\vec{\Omega}\cross(\vec{\Omega}\cross r-)$
$\vec{\nabla}\cross\vec{C}=0$ ( ) $\vec{\nabla}\frac{\Omega^{2}r^{2}}{2}$
$\frac{\partial\rho u}{\partial t}+\vec{\nabla}\cdot(\rho u\vec{u})$ $=$ $- \frac{1}{r\cos\phi}\frac{\partial p}{\partial\lambda}+2\rho f_{r}v-2\rho f_{\phi}w+\frac{\rho vu\tan\phi}{r}-\frac{\rho wu}{r}+F_{\lambda}$ (5)
$\frac{\partial\rho v}{\partial t}+\vec{\nabla}\cdot(\rho v\vec{u})$ $=$ $- \frac{1}{r}\frac{\partial p}{\partial\phi}+2\rho f_{\lambda}w-2\rho f_{r}u-\frac{\rho uu\tan\phi}{r}-\frac{\rho wv}{r}+F_{\phi}$ (6)
$\frac{\partial\rho w}{\partial t}+\vec{\nabla}\cdot(\rho w\vec{u})$ $=$ $- \frac{\partial p}{\partial r}+2\rho f_{\phi}u-2\rho f_{\lambda}v-\frac{\rho uu+\rho vv}{r}-\rho g+F_{r}$ (7)
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$f^{arrow}=\vec{\Omega}_{\circ}$ $a\sim 6.4\cross 10^{6}m,$ $2\Omega\sim$
$10^{-4_{S}-1}$ , $U\sim 10ms^{-1},$ $W\sim 10^{-2}ms^{-1}$ $g=9.8ms^{-2},$ $T\sim 10s^{5}\sim$
$1$ day $L\sim 10^{6}m,$ $H\sim 10^{4}m$
$|u|$ $<<$ $2\Omega a\cos\phi$ (8)
$|w\cos\phi|$ $<<$ $|v\sin\phi|$ (9)
(7)
$\frac{Dw}{Dt}$ $=$ $- \frac{1}{\rho}\frac{\partial p}{\partial z}-g$ (10)
$\frac{Dw}{Dt}$ $=$ $\frac{\partial w}{\partial t}+u\frac{\partial w}{\partial x}+v\frac{\partial w}{\partial y}+w\frac{\partial w}{\partial z}$ (11)
$\frac{\partial w}{\partial t}$
$\sim$ $\frac{W}{T}\sim 10^{-7}ms^{-2}$ (12)
$u \frac{\partial w}{\partial x}+v\frac{\partial w}{\partial y}$ $\sim$ $\frac{UW}{L}\sim 10^{-7}ms^{-2}$ (13)
$w \frac{\partial w}{\partial z}$
$\sim$
$\frac{W^{2}}{H}\sim 10^{-8}ms^{-2}$ (14)
$\frac{Dw}{Dt}$ $\sim$ $10^{-7}ms^{-2}<<g\sim 10ms^{-2}$ (15)







$0=\vec{\nabla}$ . $\vec{u}$ $=$ $\frac{1}{r\cos\phi}\frac{\partial u}{\partial\lambda}+\frac{1}{r\cos\phi}\frac{\partial\cos\phi v}{\partial\phi}+\frac{1}{r^{2}}\frac{\partial r^{2}w}{\partial r}$ (17)
$\frac{\partial u}{\partial t}$ $=$ - . $\vec{\nabla}u+2f_{r}v-2f_{\phi}w+\frac{vu\tan\phi}{r}-\frac{wu}{r}-\frac{1}{\rho_{0}r\cos\phi}\frac{\partial p’}{\partial\lambda}+F_{\lambda}$ (18)
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$\frac{\partial v}{\partial t}$ $=$ $- \vec{u}\cdot\vec{\nabla}v+2f_{\lambda}w-2f_{r}u-\frac{uu\tan\phi}{r}-\frac{wv}{r}-\frac{1}{\rho_{0}r}\frac{\partial p’}{\partial\phi}+F_{\phi}$
$\frac{\partial w}{\partial t}$ $=$ $- \tilde{u}\cdot\vec{\nabla}w+2f_{\phi}u-2f_{\lambda}v+\frac{uu+vv}{r}-\frac{1}{\rho 0}\frac{\partial p’}{\partial r}-\frac{\rho’}{\rho 0}g+$












$c$ (22) UNESCO [2] flux.
$F_{T}$ flux 1






$z^{*}$ $=$ $\frac{H(z-z_{s})}{H-z_{s}}$ (25)
$G^{1/2}$ $=$ $\frac{\partial z}{\partial z^{*}}$ (26)
$G^{13}$ $=$ $\frac{1}{G^{1/2}}(\frac{z^{*}}{H}-1)\frac{\partial z_{z}}{\partial\lambda}$ (27)
$G^{23}$ $=$ $\frac{1}{G^{1/2}}(\frac{z^{*}}{H}-1)\frac{\partial z_{z}}{\partial\phi}$ (28)
$z,$ $z_{s},$ $H$ $c^{1/2},$ $c^{13},$ $c^{23}$
metric
$\frac{\partial\rho}{\partial t}$ $+$ $\frac{1}{G^{1/2}a\cos\phi}\frac{\partial c^{1/2_{\rho u}}}{\partial\lambda}+\frac{1}{G^{1/2}a\cos\phi}\frac{\partial c^{1/2_{\cos\phi\rho v}}}{\partial\phi}$ (29)
$\frac{\partial}{\partial z^{*}}(\frac{\rho uG^{13}}{a\cos\phi}+\frac{\rho vG^{23}}{a}+\frac{\rho w}{G^{1/2}})=0$ (30)
$\frac{\partial\rho u}{\partial t}+\vec{\nabla}\cdot(\rho u\vec{u})$ $=$ $- \frac{1}{G^{1/2}a\cos\phi}\frac{\partial c^{1/2}\partial p’}{\partial\lambda}+2\rho f_{r}v-2\rho f_{\phi}w+\frac{\rho vu\tan\phi-\rho wu}{a}$
$F_{\lambda}$ (31)
$\frac{\partial\rho v}{\partial t}+\vec{\nabla}\cdot(\rho v\vec{u})$ $=$ $- \frac{1}{G^{1/2}a}\frac{\partial c^{1/2}\partial p’}{\partial\phi}+2\rho f_{\lambda}w-2\rho f_{r}u-\frac{\rho uu\tan\phi}{a}-\frac{\rho wv}{a}$
$+$ $F_{\phi}$ (32)
$\frac{\partial\rho w}{\partial t}+\vec{\nabla}\cdot(\rho w\vec{u})$ $=$ $- \frac{1}{G^{1/2}}\frac{\partial p^{f}}{\partial z^{*}}+2\rho f_{\phi}u-2\rho f_{\lambda}v-\frac{\rho uu+\rho vv}{a}-\rho g$
$+$ $F_{r}$ (33)
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$\frac{\partial p}{\partial t}$ $+$ $\frac{1}{G^{1/2_{a\cos\phi}}}(\frac{\partial G^{1/2}pu}{\partial\lambda}+\frac{\partial G^{1/2}\cos\phi pv}{\partial\phi})$
$+$ $\frac{\partial}{\partial z^{*}}(\frac{puG^{13}}{a\cos\phi}+\frac{pvG^{23}}{a}+\frac{pw}{G^{1/2}})$
$=$ $-( \gamma-1)p\{\frac{1}{c^{1/2}a\cos\phi}(\frac{\partial c^{1/2_{u}}}{\partial\lambda}+\frac{\partial c^{1/2}\cos\phi v}{\partial\phi})$







MSSG(Multi-Scale Simulation for the Geoenvironment)
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